D IVERSE TRILOBITE faunas occur in debris flows of Wenlock
and Ludlow age in the Cape Phillips Formation at various localities in the Canadian Arctic Archipelago. Perry and Chatterton (1977) were first to survey some of these faunas, The present study describes some species of the new Iichid genus Borealarges. a taxon that is of ubiquitous occurrence in the faunas under study. The localities mentioned herein ( Figure I ) are equivalent to those described by Perry and Chatterton (1977) and Chatterton and Perry (1979) , except that new stratigraphic sections have been measured and new age data collected. Precise information is given under treatment of individual species, The graptolite zonation used is that of Lenz and Melchin (1990) .
The species treated in this work are similar enough that only Borea/arges reedi n. gen. and sp. is given a full description. The remaining species are treated with shorter differential diagnoses, With the exception of a single thoracic segment possibly belonging to B. s,1. B. calei n, gen. and sp., thoraces of the species under study have not been illustrated, as intact examples are unknown among the sampled material and specific assignments presently are impossible when more than one species is present. The thorax of B, s.1. B. bucklandii (Milne Edwards, 1840 ) is well known, however, and indicates that the nature of at least the posterior thoracic segments can be inferred from that of the anterior pygidial segment.
Illustrated material is housed in the paleontological collections of the Department of Geology, University of Alberta, with specimen numbers prefixed UA, and in the Natural History Museum, London, with specimen number prefixed BM. significant radiation during the Early Devonian. Thomas and Holloway (1988, fig. 365 ) classified Silurian members of this clade in an expressly para phyletic Acanthopyge (Lobopyge) Phbyl and Erben, 1952. Ordovician "Hemiarges" species all share several features that are primitive for Trochurinae. These include four pairs of pygidial border spines, confluence of the bullar lobe with LI, and at least partial definition of Lia (Thomas and Holloway, 1988, p. 236 , used these character states to distinguish between their concepts of Richterarges and Hemiarges). The Silurian Acanthopyge clade reduced the pygidial border spines to three pairs, while the Borealarges genus group retained four pairs but added a median spine. Circumscription ofthe bullar lobe posterolaterally and loss of definition of L Ia were apparently achieved independently within each clade.
Among the Ordovician "Hemiarges" species, some show morphological development toward one or the other of the Silurian clades. The type species, H. wesenbergensis Schmidt, 1885 , for example, has a pygidium (see Thomas and Holloway, 1988, PI. 10, fig. 219 ) very similar to that of Silurian species such as Acanthopyge (Lobopyge) hirsuta (Aetcher, 1850) (cf. Thomas, 1981, PI. 20, figs. 3, 4, 17) . The single substantive difference is the presence in the older species of an extra pair of border spines just adaxial to the second pleural spine pair. It seems likely that the Acanthopyge clade evolved from the H. wesenbergensis group through loss of these spines.
Some Devonian species (e.g., Acanthopyge(Lobopyge) sinuata (Ratte, 1886) ; see Chatterton et al., 1979) do in fact have these spines developed in the holaspid period. There are several possible explanations for this. First, the spines in this position could be secondarily acquired evolutionary novelties, and hence not homologous with those of Hemiarges, Second, the spines might be homologous with those in Hemiarges, and their occurrence in mature holaspides could be due to paedomorphosis, assuming the presence of the extra spine pair could be demonstrated to occur early in the ontogeny of three-spined Silurian species. Finally, the spines might be homologous with those of Hemiarges, due to the survival of a distinct four-spined clade through the Silurian. At present, there is not enough information to assess these options.
The earliest and most plesiomorphic members of the Borealarges genus group are" H emiarges" turneri Chatterton and Ludvigsen, 1976 , and related species. "Hemiarges" turneri has a pygidium that is very broad relative to its length, with an outline in plan view that approaches subrectangular. Although it retains four pairs of pygidial spines, the spines are rather inflated and cylindrical, very similar to those of the Borealarges pygidia illustrated herein. The only significant innovation necessary to evolve from the pygidium of"H." turneri (Chatterton and Ludvigsen, 1976, PI. 19, figs. 23, 24, 26) to that of Borealarges is the development of a posteromedian pygidial border spine.
Silurian radiation. -Llandovery trochurine diversity is not well known. The earliest known Silurian member of the Borealarges genus group is B.? rolfei (Lamont, 1965) from the upper Llandovery of Scotland (see Clarkson and Howells, 1981, p. 532, PI. 79, figs. 13-15; Howells, 1982, p. 51, PI. 14, figs. 5,6, II, 12, 14, 15) . The nature of the initial radiation of the genera recognized, together with their exact interrelationships, is not yet clear. Detailed assessments of phylogenetic structure must await treatment of the great number of undescribed northern Laurentian species of relevance. Nevertheless, the following ideas can now be proposed.
I. The primitive pygidial morphology for the Siluro-Devonian Borealarges genus group features nine border spines, in-1 FIGURE 2-Probable homologies of pygidial border spines of Borealarges n. gen. and Terranovia Maximova, 1977 .Homologies indicated by solid black, stippling, and cross-hatching. 1, Borealarges tuckerae n. gen. and sp., Wenlock,Cape Phillips Formation, Baillie-Hamilton Island, central Canadian Arctic, schematic reconstruction based on specimens illustrated in Figure 9 .11, 9.14, approximately x 12.2, Terranovia nalivkini Maximova, 1977 , Emsian, Novaya Zemlya, schematic reconstruction based on holotype (Y olkin and Ormiston, 1985, fig.5.11) , approximately x 1.2; only bases oflarge, dorsally directed, third spine pair shown (cross-hatching).
c1uding two anterior pairs running from the pleural bands of the anterior pygidial segments, a third pair (often largest) at the posterolateral "corner" of the pygidium, and three spines set medially along the posterior margin. All Wenlock members of the clade show this morphology in the holaspid period, and it is either retained or incorporated into the ontogeny of more derived post-Wenlock species (e.g., members of Richterarges; see below). Other subsequent variations include reduction or effacement of the spines and insertion of additional ones. 2. The genus Richterarges Ph leger, 1936, can be restricted to a monophyletic Upper Silurian group endemic to Laurentia.
3. Wenlock diversity of the Borealarges genus group is very high in northern Laurentia. All currently known species (most of which are as yet undescribed) are very similar, and show the generalized nine-spined pygidial morphology. As this morphology is presumed to be plesiomorphic, and since this assemblage possibly gave rise to both Richterarges and Terranovia (see below), the Wenlock group is not clearly monophyletic. Nevertheless, the bulk of the species may eventually be found to form a clade. Additionally, the group includes a great number of Wenlock and early Ludlow species that closely resemble each other, but which cannot be accommodated in any currently recognized genus without treating such a unit as an unnatural taxon of convenience. The problem of generic assignment of such species, until such time as a detailed phylogeny can be worked out, must now be addressed.
One solution is to assign the species, for the present, to the already available non-natural taxon Hemiarges. A major difficulty with this is that the type species of Hemiarges (see above) has apparent affinity not to the Borealarges genus group, but to the Acanthopyge clade, and hence any possible resolution of Hemiarges as a natural taxon cannot include members of the Borealarges group. An alternative solution is discussed next.
4. A major subunit of the Wenlock-early Ludlow members of the Borealarges group can be supported as a monophyletic taxon, recognized herein as Borea/arges n. gen. Other Wenlockearly Ludlow species that lack the diagnostic features of Borealarges s.s. are nevertheless more similar (although this resemblance may be primitive) to species of Borealarges s.s. than they are to any other members of the genus group. Their inclusion in Borealarges may render the taxon paraphyletic, or it may not; there is not enough information available at present to be certain. The best course of action seems to be to refer them to Borealarges s.l., recognizing the fact that their generic assignment may be revised as more data become available.
5. In summary, the Borealarges genus group includes three or four well-supported monophyletic taxa (Borealarges s.s., Richterarges, Terranovia, and possibly Ceratarges). It includes also a number of Wenlock-Ludlow species that have an ambiguous phylogenetic position with respect to these clades. They are most similar to members of Borealarges s.s., and are herein referred to Borealarges s.1.
Terranovia.- Thomas and Holloway (1988, p. 237-238) discussed the problem ofthe origin of Terranovia Maximova, 1977 . Ormiston (1982 considered the genus to be most closely related to Ceratarges Gürich, 1901. Thomas and Holloway, however, supported a close relationship with A. (Acanthopyge), based primarily upon what they considered to be similarities among pygidial features.
Both A. (Acanthopyge) and Terranovia have elongate pygidia with long border spines. Terra novia, however, has a complement of spines identical in number and general position to that of Borealarges (Figure 2) , and it is possible to specify one-toone homologies. Furthermore, at least T. nalivkini Maximova, 1977 , possesses anterolateral cranidial projections identical to those of Borealarges s.s. (see Ormiston, 1982, PI. I, fig. 1 ). It is at least possible that Terranovia represents the sister group of Borealarges s.s., evolving from the general Borealarges genus group condition through elongation of all spines, migration of the third pair dorsally, and extensive broadening and lengthening of the postaxial region, with hypertrophy of the three median spines. The third pair of border spines has a radically different position (i.e., dorsal with their base almost vertical) in Terranovia, but it seems that they are positioned on the dorsal aspect of a greatly lengthened pygidial border, and not on the pleural field. Hence, their homology with the horizontally held border spines in earlier members of the genus group is supported.
The issue is far from settled, but the alternative hypothesis, that Terranovia is closely related to Acanthopyge (Acanthopyge) (Thomas and Holloway, 1988, p, 238) , requires many more ad hoc assumptions. Most importantly, three of Terranovia's nine pygidial spines must have been independently acquired evolutionary novelties, and nearly identical anterolateral cranidial projections must have been developed independently in two separate clades (see below for a discussion of similar, but nonhomologous, structures developed in some species of Acanthopyge (Lobopyge».
Intriguingly, Borealarges tuckerae n. gen. and sp. has an inflated median g1abellar lobe bearing short spines and a pygidium with the three lateral spine pairs considerably longer than in any other member of the genus. It is conceivable that B. tuckerae is a highly plesiomorphic Terranovia that is close temporally to its common ancestry with Borealarges. This suggestion would help to account for the lengthy ghost lineage (Norell, 1992) separating the Devonian Terranovia from its Silurian sister taxon. Assignment of B, tuckerae to Terranovia seems premature, however, in the absence offurther information or of any knowledge of potential Upper Silurian members of the Terranovia clade.
The question of the origin and affinities of the stratigraphically late and highly derived taxon Ceratarges remains. Ormiston (1982 Ormiston ( , p. 1257 listed similarities with Terranovia, but, beyond the occurrence in both taxa oflong median glabellar spine pairs, there are few convincing points of similarity. Unlike with Terranovia, no clear comparison of either cranidial or pygidial morphology of Ceratarges can be made, despite its obvious assignment to Trochurinae. Its phylogenetic position is perhaps best considered in light of a thorough reconsideration of all SiluroDevonian members of the subfamily, a task beyond the scope of the present work.
Devonian relicts. -While Richterarges apparently became extinct at the end of the Silurian, two species from the Lower Devonian of east Asia seem to represent a relict distribution of Borealarges. Craspedarges superbus Kobayashi and Hamada, 1977 , and the closely related C. bicornis Zhou, 1987, both differ from most Silurian members of the genus in the following features (some of which were listed by Thomas and Holloway, 1988, p. 237) : the presence of an additional pygidial border spine pair located behind the anteriormost; the apparent definition of the pleural bands of at least the third pygidial segment; the longer post-axial ridge; the inflation of the anterior part of the glabella in front of the bullar lobe; the great expansion of the anterior border; and the strong anterior divergence of the anterior branches of the facial suture (seen more prominently in B. superbus). Of these, only the extra pair of pygidial border spines has been observed in Silurian species, in undescribed material from the Wenlock-Ludlow of Arctic Canada. Nevertheless, in other features (length of pygidial axis, width of axis relative to that of pygidium, shape and expression of cranidial lobes, shape of hypostome, etc.) the species agree well with earlier members of the genus, and their assignment to Borealarges s.1.is well supported. Borealarges is not known from either China or Japan in the Silurian.
SYSTEMATIC PALEONTOLOGY
Terminology. -Morphological terms are applied following Thomas and Holloway (1988) . The furrow circumscribing the rear of the bullar lobe (running between the longitudinal and axial furrows) is considered SI. Borealarges generally has two (and sometimes three) prominent pairs of tubercles positioned on the anterior part of the median g1abellar lobe. These undoubtedly represent retentions of some particular pairs present throughout ontogeny. Silurian Borealarges genus group ontogenies are not well known, however. While Chatterton (1971, fig.  9 ) has suggested a scheme for a member of the Acanthopyge clade (Acanthopyge (Jasperia) bifida (Edgell, 1955» , its application to holaspid specimens of Borealarges is difficult. The prominent tubercle pairs may correspond to Chatterton's pairs 5 and 6, but until a taxonomically comprehensive terminology for paired cephalic spines or tubercles is worked out, those present in adult Borealarges are referred to simply as the first and second median g1abellar tubercle pairs, numbered from the back.
Family LICHIDAE Hawle and Corda, 1847 Subfamily TROCHURINAE Phleger, 1936 Genus RICHTERARGES Phleger, 1936 Type species. -Lichas (Dicranogmus) Diagnosis. -Trochurines with long anterior border; longitudinal furrow usually effaced anteriorly, convergent anteriorly beside anterior half of bullar lobe; longitudinal furrow shallow posteriorly beside posterolateral glabellar lobe; anterior sections of facial sutures subparallel or only slightly anteriorly convergent, givingcranidium a subquadrate outline; cranidial sculpture of low subdued tubercles; S I nearly straight and not markedly oblique; hypostomal suture straight adaxially but abruptly deflected posteriorly abaxially; hypostome with generally effaced sculpture; mature pygidia with sagittal length (excluding articulating half ring and posteromedian spine, if present) at least 70 percent to commonly 80 percent of anterior width; maximum axial width commonly 23-27 percent of maximum pygidial width; pygidial axis with 10-12 discernible axial rings; second anterior pleural band long (exsag.); postaxial ridge long; pygidium with varying complements of marginal spines.
Discussion. - Thomas and Holloway (1988, p. 237 ) recognized a distinction between most of the species they assigned to Richterarges and both R. bucklandÜ and R. mikulicorum. With the description of a further four species of this separate morphological type, it becomes apparent that a relatively large, morphologically coherent group is involved. Herein, at least part of this assemblage is hypothesized to form a monophyletic group, which possibly forms a clade with Terranovia and which therefore may not even represent the sister taxon of Richterarges (although Borealarges, Terra novia, and Richterarges taken together likely form a monophyletic group). Accordingly, a new genus is erected for it. A comparison between Richterarges and Borealarges n. gen. is given under discussion of the latter genus below.
Richterarges ethnikos (Lane, Dawes, and Peel, 1980 ) has a plesiomorphic pattern of nine border spines similar to that of Borealarges, although other aspects of its morphology, particularly cranidial features, make assignment to Richterarges unambiguous. Richterarges aquilonius (Whittington, 1961 ) also has nine border spines, and late meraspid transitory pygidia that are very similar to mature Borealarges pygidia, if one ignores the fused protothoracic segments (compare Whittington, 1961, PI. 56, fig. 5 with the large pygidia of Borealarges illustrated herein). As discussed above, this indicates derivation from the general nine-spined morphology that is primitive for the entire genus group (excluding potential Ordovician members), despite the variety of pygidial spine arrays developed in members of Richterarges.
The group to which Richterarges now can be restricted is almost entirely northern Laurentian, and appears to have become extinct at the end of the Silurian. The only geographic exception is the late Pndoli type species, R. ptyonurus, from New York State. A very similar distribution can be observed in the proetid trilobite Hedstroemia Phbyl and Vanek, 1978 . This genus has a confirmed distribution for most of the Silurian almost identical to that of Borealarges (widespread in northern Laurentia; also in England and Baltica), but enters the eastern United States in the Pndoli in the form of H. pachydermata (Barrett, 1878) from New Jersey (see Lütke, 1990 Thomas and Narbonne, 1979 , PI. 5, figs. j, m, n, p), Ludlow, Arctic Canada.
Diagnosis. -Trochurines with short anterior border; bullar lobe fully circumscribed anteriorly; anterolateral corners of cranidium often with small projections formed by sharp anteriormost divergence of anterior section of facial suture; cranidial sculpture of relatively coarse tubercles with paired median glabellar tubercles retained and often prominent in large holaspides; S I strongly anteriorly directed and with considerable posterior convexity; hypostomal suture usually describing a gentle, continuous arc with no abrupt posterior deflection; hypostomal middle body with ornament of fine to moderately coarse pits and tubercles anteriorly; pygidia with basic pattern of two pairs of pleural spines, two pairs of marginal spines, and single posteromedian spine (sometimes secondarily lost); pygidium with length (sag., excluding articulating half ring, and measured to base of posteromedian spine) 58-64 percent of maximum width (rarely 50 percent); axis with maximum width 38-41 percent of maximum pygidial width and usually with 7 or 8 discernible axial rings; postaxial ridge prominent but short.
Discussion. -Borealarges n. gen. differs from Richterarges Phleger, 1936, in its generally shorter anterior border; development in some species of a projection on the anterolateral corner of the cranidium; longitudinal furrow impressed anteriorly to fully circumscribe bullar lobe versus at least partly effaced anteriorly; pygidium much shorter relative to width; pygidial axis correspondingly shorter and with fewer discernible axial rings (7-8 versus 10-12); pygidial axis broader relative to maximum pygidial width (usually about 40 percent versus about 25 percent); pygidial border spines relatively long, cylindrical, and of fixed pattern, versus shorter, dorsoventrally flattened, and of widely varying pattern that may show intraspecific variation.
Two species groups can be identified within Borealarges. The first (including the type species, B. morrisoni. B. mikulicorum. and probably B. tuckerae) is characterized by possession of anterolateral cranidial projections, relatively long genal spines, and widely spaced median pygidial spines. This species group, at least, seems very likely to be monophyletic, an assertion supported most compellingly by the distinctive anterolateral cranidial projections and their consistent correlation with the character-states given above. Some Devonian species currently assigned to Acanthopyge (Lobopyge) [i.e., A. (L.) australiformis Chatterton, Johnson, and Campbell, 1979; A. (L.) sinuata (Ratte, 1886) ] have somewhat similar structures, but these species have six small tubercles arranged along the anterior margin of the cranidium. The projection is small in A. (L.) sinuata and minute in A. (L.) australiformis, and obviously is produced through placement of the most adaxial tubercle directly against the anterior section ofthe facial suture. Borealarges, on the other hand, lacks these anterior border tubercles, and the anterolateral projections are much larger, triangular, and formed as evaginations of the border itself, not tubercles atop it. Hence, the structures are analogous, but topologically dissimilar and almost certainly not homologous.
A second group, Borealarges s. Etymology. -Latin boreas, north, and the name Arges Goldfuss, 1839 (=Ceratarges Gürich, 1901) , in reference to the taxon's mainly northern and Arctic present-day distribution.
BoREALARGES MIKUUCORUM (Perry and Chatterton, 1977) Richterargesmikulici (Perry and Chatterton) . THOMAS AND HOLLOWAY, 1988, p. 236-237. Nomenclatural note. -When Perry and Chatterton (1977, p. 304-307) erected this species, they clearly stated that it was named after the Donald Mikulic family. The species name should therefore be mikulicorum. not mikulici. This corresponds exactly to an example of a permissible name change given under Article 32c(ii) of the International Commission on Zoological Nomenclature (1985) , and the species is henceforth referred to as mikulicorum, Diagnosis. -Borealarges with first glabellar tubercle pair very prominent in large holaspides; anterior sections of facial suture nearly subparallel and short; cranidium of only moderate sagittal convexity; glabellar sculpture of very densely distributed tu-bercles of medium to small size in addition to paired tubercles; hypostome with only a few very fine tubercles located anteriorly on middle body; pygidia nearly semicircular in outline, with narrow posterior pleural area.
Discussion. -The collections studied by Perry and Chatterton (1977) were made with only very approximate stratigraphic control, and the sclerite associations were often based upon stratigraphically mixed samples. As systematic work progresses based upon subsequent well-controlled collections, approximate correlations between the localities given by Perry and Chatterton and those used in the present study can be given. Perry and Chatterton's (1977) localities GSC C-22184 and C-22185 correspond well with horizon BH I 110 m/BHL 10m. It is very likely that most of the material from the former localities in Perry and Chatterton's paper is from this bed (or from BH I 106 m, 109 m, or 112 m, all of which contain an identical fauna). A few sclerites reported by Perry and Chatterton to be from these localities, however, are clearly from strata higher in the succession, and caution must still be exercised. The remaining localities(GSCC-22186, C-22187, 402 Y, and 402**) are mixed collections likely derived from horizons BH I 143-209 m and BHL I 27-92 m. Three quite distinct faunas are now known in stratigraphic succession in this interval.
Fortunately, the problems of association in the latter interval do not affect the holotypes of the four species erected by Perry and Chatterton (1977) ; all are from either locality GSC C-22184 or C-22185, agree in all respects with material from horizon BH I 110 m/BHL 10m (or in the case of Hemiarges rohri, a slightly higher horizon), and safely can be assumed to have been derived from this bed (or nearby ones; see above). Hence, there is little chance of confusion surrounding formal taxonomic names. Borealarges sclerites illustrated by Perry and Chatterton (1977) from the interval of mixed samples are given specific assignment below, where possible. Thomas and Holloway (1988, p. 225-226) have restricted Hemiarges rohri to the pygidia assigned to it by Perry and Chatterton (1977, PI. 5, figs. 4, 17, 20) , and have reassigned the species to Acanthopyge (Lobopyge). Work in progress has shown that the species should be restricted to its holotype pygidium. The remaining pygidia are older than the holotype, and belong to an undescribed species of" Lobopyge. "
Borealarges mikulicorum is most closely comparable to B. morrisoni and B. reedi. Borealarges mikulicorum shares with B. morrisoni generally similar cranidial proportions, only moderately anteriorly divergent longitudinal furrows, glabellar sculpture of very densely distributed tubercles, and a hypostome with few middle body tubercles and with the middle lobe of the posterior margin not prominent. Differences include the more prominent anterolateral cranidial projections of B. morrisoni, that species' lack of prominent paired glabellar tubercles in mature holaspides, slightly narrower median glabellar lobe, slightly more tuberculate anterior part of anterior lobe of hypostomal middle body, librigenae with narrower lateral borders, particularly anteriorly (compare Figure 3. 11-3.14 with Figure 8 .15 and 8.18), and third pair of pygidial border spines subparallel to convergent posteriorly (vs. conspicuously divergent), that species is also flatter in cross section and shorter.
Borealarges mikulicorum is comparable to B, reedi mainly in general proportions of the pygidia (compare specimens illustrated in Figure 4 Description. -Cranidium. Anterior border very short medially, overhung by glabella in dorsal view; rostral suture deflected laterally and very slightly anteriorly at lateral extremity to form relatively subdued anterolateral projection of cranidium; anterior branch of facial suture moderately anteriorly convergent, not deflected strongly anteriorly at anterolateral projection; palpebrallobe large, subsemicircular in outline but tapering to blunt lateral point; 7-8 distinct tubercles around rim of palpebral lobe, tubercle row continued posteriorly along sutural ridge as far as posterior border furrow, continued adaxial to anterior section of facial suture only slightly past anterior end of palpebral lobe; distinct but small pit positioned at midlength of palpebral lobe, but displaced laterally from center; posterior section of facial suture slightly more posteriorly divergent than anterior section; longitudinal furrow very weakly impressed in front of occipital FIGURE3-1-25, Borealarges mikulicorum (Perry and Chatterton, 1977) furrow, distinctly impressed from rear ofbullar lobe, with sharp lateral deflection at half length of bullar lobe; longitudinal furrows markedly anteriorly divergent, fully impressed to contact with axial furrow just behind anterolateral cranidial projections; axial furrow strongly impressed in front of palpebral lobe, with deep, more or less prominent, anterior pit at contact with longitudinal furrow; axial furrow effaced behind anterior extent of palpebral lobe; glabella with moderately dense sculpture ofsmallto medium-sized tubercles; first glabellar tubercle pair sometimes prominent; second pair usually discernible, but much reduced; single more prominent tubercle sometimes retained on rear half ofbullar lobe, but often not distinguishable from other tubercles; occipital ring of moderate length (sag.), shortened laterally behind abaxial part of LI; occipital furrow well impressed, medially transverse, deflected strongly posterolaterally at swelling of Lia; eyes nearly as high as glabella. Librigena elongate; lateral and posterior border furrows very broad and shallow; Iibrigenal field with sculpture of very fine, evenly scattered tubercles together with large, coarse tubercles on all parts but concentrated closer to eye; lateral border broad, with moderately fine tubercles interspersed with moderately coarse ones medially and with fine subparallel lines formed of small tubercles in tight rows laterally; lateral margin with even, gentle lateral convexity; posterior border not as broad or well defined as lateral border, of similar sculpture but lacking fine lines; genal spine relatively long, broad; subgenal notch very wide, gently arcuate; prominent eye socle with row of small tubercles developed at mid-height; doublure broad, underlying most of genal field, ornamented with continuation of subparallel lines oflateral border; lines running parallel with lateral margin anteriorly, then curving posteriorly to run transversely across midline of genal spine, then adaxially to oblique contact with subgenal notch; lines more broadly spaced on posteromedial part of doublure; lateral margin with slight notch anteriorly, just behind anterior librigenal projection.
Hypostome broad (sagittal length approximately 75 percent of maximum width); hypostomal suture with more or less even anterior convexity; anterior wing small, subquadrate, directed dorsolaterally; lateral notch pronounced; lateral margin deflected strongly around robust shoulder, with lateral concavity behind shoulder, running smoothly into lateral lobe of posterior margin; posterior margin divided into three lobes of varying relative prominence; posterior border 50 percent of sagittal length; lateral border furrows posteriorly convergent; posterior border furrow transverse and nearly straight; middle furrow completely effaced medially; anterior lobe approximately 70 percent of sagittal length of middle body; middle body with sculpture of relatively sparse, moderately coarse pits and fine scattered tubercles on anterior region of anterior lobe; maculae present as subtle circular depressions with raised, gentle tubercle in center; posterior border smooth medially, with prominent ventral convexity in sagittal profile; lateral border with 5-6 coarse ridges running subparallel to lateral margin, sometimes with scattering of small tubercles on shoulder and abaxial to posterior lobe of middle body; doublure underlying posterior border with two gently concave lateral areas, deep medial area, and ventrally turned lip along anterior edge; three small posteriorly directed spines, median one more prominent, developed at thickened median portion oflip.
Pygidium with sagittal length (excluding articulating half ring and border spine) approximately 6ü-64 percent of maximum width; first anterior pleural band short (exsag.); second anterior band approximately twice exsagittal length of first; axial ring and posterior pleural band of first and second segments with single transverse row of medium-sized tubercles; axis with maximum width approximately 75 percent sagittal length (excluding articulating half ring); only first two axial rings defined medially; 7-8 axial rings usually discernible, with those posterior to three very poorly defined, and visible only at their extreme abaxial extent; anterior pleural band of second segment and remainder of pleural field behind second segment with mixture of mediumsized tubercles similar to those on posterior pleural bands and finer, evenly scattered tubercles; postaxial ridge prominent, slightly narrower than pygidial border, with only one or two small tubercles in random pattern; pygidial border relatively narrow, with more or less evenly spaced, medium-sized tubercles along dorsal aspect; first pleural spine short, sharply outturned; second pleural spine longer, following inclination of posterior pleural band to run more posteriorly; third border spine pair longest, only slightly posteriorly divergent; fourth border spine pair set near to third, widely spaced, subequal in size to slightly longer than small, subtriangular median spine; posteromedian part of doublure extending anteriorly to rear of axis, doublure narrowing anterolaterally; outer part of doublure with fine, subparallel lines formed of small, closely spaced tubercles in tight rows, matching curvature of pygidial margin; pattern oflines extended discontinuously onto ventral aspect of border spines; lines becoming progressively finer on inner part of doublure, extremely fine and closely spaced at inner margin.
Discussion. -Borealarges reedi occurs together with B. s.1.B. calei n. gen. and sp., but the taxa are morphologically distinct and B, reedi is much less common, allowing confident association of sclerites. The species furthermore belong to two different species groups, each of which has certain characteristic features, based firmly upon comparison of species which are known from articulated individuals or which occur in the absence of congenerics with which they could be confused (e.g., B. mikulicorum. see above). Nevertheless, there is sorne slight overlap in the morphology oflibrigenae. The Iibrigena illustrated in Figure  6 .20 is assigned to B. s.l. B. calei, but its genal spine is sufficiently long that it is possible it could belong to B. reedi; others like it are known, but the majority of recovered librigenae are easily assigned to one or the other of the species. Borealarges reedi was compared above with B. mikulicorum, which it most closely resembles among described species.
Etymology. Diagnosis. -Borealarges lacking anterolateral cranidial projections; gIabellar sculpture of relatively coarse but sparse tubercles together with many very fine, subdued, granular tubercles; palpebral lobe small; genal field with small number of coarse tubercles; genal spine usually short; hypostome with coarse tubercles on anterior part of anterior lobe of middle body, coarse pits on entirety of middle body, pits on anterior and lateral aspects of posterior border, dense smattering of fine tubercles adaxial and posterior to shoulder on lateral border, and posterior border essentially flat in sagittal profile; pygidia with third pair of border spines very long through most of ontogeny, median three spines closely spaced.
Discussion. -Borealarges s.1. B. calei is most similar to B. s.1. B. bucklandÜ. Together the species differ from all of the remaining congenerics in the lack of anterolateral cranidial projections, possession of small palpebral lobes, relatively short genal spines, and pygidial border spines with the median three spines closely spaced, so that the five spines along the posterior aspect of the border are evenly spaced. Borealarges s.l. B. calei differs from B. s.1. B. bucklandÜ most obviously in that pygidia of the former species have only the first and second axial rings defined medially, whereas pygidia of B. s.l. B. bucklandÙ (see Thomas and Holloway, 1988, PI. 15, figs. 321, 324) have at least the first four, and arguably the fifth, continuous and fully defined medially. Other differences include the much wider median gIabellar lobe of B. s.1. B. calei (compare Figure 6 .1-6.3 with Thomas and Holloway, 1988, PI. 15, figs. 319, 324) , its relatively sparser gIabellar tuberculation, and shorter bullar lobe. It could be argued that some ofthese differences are ontogenetic, and due to comparison of specimens of different sizes. Cranidia of B. s.1. B. bucklandÙ illustrated by Thomas and Holloway (1988) are over twice as large as the largest known specimens of B. s.1.B. calei. Several facts are in conflict with this suggestion, however. First, no larger specimens, even fragmentary, of B. s.1. B. calei have been recovered. Second, there is evidence that the sample from ABR I 22 is not biased towards immature individuals. The encrinurine trilobite Struszia harrisoni Edgecombe and Chatterton, 1993, known from abundant material at the type horizon of B. s.l. B. calei, is represented by very large holaspide specimens. In fact, S. harrisoni reaches larger maximum size at ABR I 22 m than a congeneric known from calcareous material from the Ludlow of Gotland, Sweden [S. obtusa (Angelin, 1851); see Ramsköld, 1986) ]. This comparison holds also for undescribed species of Dudleyaspis and Hedstroemia from ABR I 22. Therefore, there is little reason to suspect either that the silicified sample is inherently biased toward small juvenile specimens, or that size sorting has occurred prior to deposition. Taken together, the evidence seems to indicate that the sampled population of B. s. Figure 9 .17, 9.19-9.21 Discussion. -Several sclerites resemble Borealarges s.1.B, calei in overall proportions, but seem distinct in the presence of many small tubercles between the larger ones on all parts of the dorsal surface. Other differences include: an apparently longer FIGURE5-1-27, Borea/arges reedi n. gen. and sp., from section ABR I 22 m, Cape Phillips Formation, Wenlock (Homerian; Pristiograptus /udensis Zone), near Abbott River, northwestern Cornwallis Island, central Canadian Arctic. Magnifications are x 10 except where otherwise stated. 1, 4, 18, dorsal, right lateral, and ventral views ofholotype cranidium UA 9221; 2, 5, 7, dorsal, anterodorsal, and left lateral views of cranidium UA 9222; 3, 6, 8, dorsal, anterior, and right lateral views of cranidium UA 9223; 9, 12, 13, dorsal, anterior, and left lateral views ofcranidium UA 9224; JO, dorsal view ofcranidium UA 9225; 11, 16, 20, internal, external, and ventrolateral 9.5, 9.6, 9.8, 9.10 Hemiarges mikulici PERRY AND CHATTERTON, 1977, p. 304-307, PI. 5, 18?, 19?, PL 6, fig. 12 ? Hemiarges rohri PERRY AND CHATTERTON, 1977, p. 307-308, PI. 5, figs. 1-3, 6?, 9?, IO?, II, 12, 15, 16, 18?, 19? Diagnosis. -Borealarges with very pronounced anterolateral cranidial projections; median glabellar lobe narrow, and lacking prominent paired tubercles in large holaspides; posterolateral cranidial lobe broad and long (exsag.); librigena with lateral border narrow anteriorly; pygidium with relatively short border spines; third pygidial spine pair subparallel to posteriorly convergent; pleural area posterior to second pleural rib broad.
Discussion, -Borealarges morrisoni was compared with B. mikulicorum above. It differs from B, reedi in cranidial features in most of the ways listed for B. mikulicorum (less anteriorly convergent anterior section of facial sutures, more prominent anterolateral projections, denser glabellar sculpture, etc.). The pygidium of B. morrisoni is poorly known, but an obvious difference from that of B. reedi is the possession of shorter, more posteriorly directed border spines, particularly the third pair (compare Figure 9 .1 with Figure 4.1, 4.3) .
Etymology. Figures 9.4, 9.7, 9.9, Hemiarges mikulici PERRY AND CHATTERTON, 1977, p. 304-307, PI. 5, figs. 7?, 8?, 13, 14. Diagnosis. -Borealarges with median lobe of high dorsal convexity and substantial lateral expansion beside bullar lobe; three glabellar tubercle pairs present; glabellar tubercle pairs retained and developed into short spines in large holaspides; hypostome lacking any tubercles on middle body; librigena short, with broad field and high lateral convexity; genal spine long and nearly cylindrical distally; pygidium with very long, slender border spines; pygidiallength (sag.) approximately 50 percent of maximum width.
Discussion.-Borealarges tuckerae differs from all described congenerics in its possession of median glabellar spines on an Hemiarges bucklandii (Milne Edwards). THOMAS,1981, p. 74, PI. 20, figs. 18-20, 22-28 , (with full synonymy).
Discussion. -Thomas (1981, p. 74) pointed out that the holotype of this species was lost, but did not select a neotype. As argued herein, Borealarges includes two species groups. Most of the figured material of B. buckJandii seems to belong to the B. s.l. B. calei group. Some specimens, however, strongly suggest a member of the B. reedi group (i.e., Borealarges s.s.). For example, a pygidium illustrated by Thomas (1981, PI. 20, fig. 28 ) has border spines that are strongly posteriorly divergent, with the median spines widely spaced, a condition diagnostic of Borealarges s.s. (cf. B. mikulicorum. Figure 4 .9-4.11 and B. reedi, Figure 4 .1) and at odds with the typical morphology of specimens assigned to B. bucklandii (e.g., Thomas and Holloway, 1988, PI. 15, figs.321, 324) . Furthennore, specimen BM In52610 ( Figure Il) has distinct anterolateral cranidial projections and relatively large palpebral lobes. It resembles B. reedi (cf. Figure  II , and Figure 5 .1, 5.2). Specimen SM A3470 (Thomas and Holloway, 1988, PI. 15, figs. 318, 319) , on the other hand, lacks anterolateral cranidial projections, has relatively small palpebral lobes, and is very similar to cranidia of B. s.1.B. ca/ei (cf. Figure  6 .1). Both horizon ABR 1 22 and the Much Wenlock Limestone Fonnation at Dudley belong to the latest Wenlock Pristiograptus ludensis Zone. Two and possibly three Borealarges species occur at ABR 1 22. Given the preceding discussion, it seems very likely that at least two species occur in the Much Wenlock Limestone, one of which is the closest described relative of B. s.1. B. calei.
In light of this situation, it becomes desirable to fix the specific concept of Borealarges buckJandii through the selection of an appropriate neotype. As this action ideally involves a thorough search for the missing type specimen and a consideration of the entirety of available material, it is beyond the scope of the present work. It has been assumed for purposes of comparison that either the missing type or a future neotype will confonn to the morphology most common among illustrated examples, and reflected by the specimens illustrated by Thomas and Holloway (1988, PI. 15, figs. 318-321, 324) .
